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p
lidean grou
in) f the Euc
Subroutinpe 1nveuf(;z§£ of the eléfegslé; angles).
ele
4

Titten by Liam Healy, December 9,

e

\\-~Va ri abl (Y- p—
¢ out

eters., ngles.
in param Euler a
rameters, incomiog et o 8
> In = returned pa.d o § Sasnalat
GrOUP is Parameterize

(6)
doub]e Precision out(6),in
€ is Index i, g3
Dteger §
c\“‘Rout::lne—-...

OUt(4)=—in(s)
°Ut(5)=-in(5)
°Ut(6)=-in(4)

13 do 120 i=1,3

0 out(y =0,

call éuzer(out, in,out(4))
do 100 i=1,3

100

out (1)=-out (1)
Teturnp
end
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Table B.23 Subroutine KICKER

subroutine kicker(parms,kick)

¢ parms = list of parameters
double precision parms(%*)

¢ b = field strength, len = length of dipole
¢ rho = bend radius
¢ theta = bend angle
¢ hv = horizontal (0) or vertical (1) flaﬁ o
double precision b,len,rho,theta,hv,hpp
integer kick,kck,nokick,opt
include 'libr:glparm.inc'
include 'nature' =
external hpfl,nfrng,arot,dri
¢——=-Routine--—-
opt=2
len=parms(1)
b=parms(2)

if (b.eq.0.) then
call :apelt(drift,parmsykiCk)
if (kick.eq.-1) goto 300
else
hv=parms(3)
rho=brho/b
theta=asin(len/rho)
nokick=0
kek=max(1,kick) 2 i
if (nint(hv).ge.l
call mapelt(arot,PI/z’ka)
kck=0
endif
frgprm(1)=rho
frgprm(2)=1
Ca%? mapelt(nfrng,frgprm’kck)
if (kck.eq.-1) goto 300
if (nint(hv).ge.l) then
call ccmap(opt) _—
if (opt.eq.0) goto
endif
hpfprm(1)=rho
hpfprm(2)=theta ,
hpfprm(3)=1 1ck
cali mipelt(hpfl ,hpfprﬂl,nok
if (nokick.eq.—1) gOt0
call ccmap(opt) -
1f (opt.eq.0) goto 3 .
frgprm(2)=-1 okic
ca%E mapelt(nfrng:frgprgég
1f (nokick.eq.-1) gOt°
call ccmap(opt) _—
if (opt.eq.0) goto
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300

if (nint(hv).ge.l) then ‘
call mapelt(arot,—PI/Z,noklck)

if (nokick.eq.—1) goto 300
call ccmap(opt)

endif
if (kick.eq.0) call ptrdrp(0)

endif
return

continue o)
if (kick.eq.0) call ptrdrp

kick=-1
return
end
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Appe .
=Ppendix C: The Symbolic Computation Code ANNALIE

In thy
s A
Ppendix I shall briefly describe and give examples for

ANNAL
IE
(Analytical Lie Algeb
Erapg Lie Algebraic computations for charged particle beam
bort)
. » @ code written in the language SMP to do some of the
Putatio
ns
of MARYLIE described above analytically. I will assume

that
the Trea
d
i e€r is familiar with the SMP language (Inference Corp.
983])

» OF
- can figure it out with examples and an explanation.
long
of
this package were used to verify the concatenation formulae

of ¢,
apter
4, and to compute the maps in Chapters 9 and 10.

The
Package of routines called GENL (Table C.1) contains a number

8enery)
Purpose routines and initialization routines. The function

Set
u
p Creates the o
- anonical variables, parameters such as the dimension
Phase 8pace

- » and quantities such as the matrix J (1.7). The function
ex!

Com
do Putes the index number for an array of expoments, and 'expon'
i =
@verse (see Appendix D). The other important functions are

!
Xform|

w
hich transforms a polynomial by a matrix by the transformation

rul
e, and 'mat'f ;
ify' which turns a polynomial into a matrix according to

¢ tule () 99
.99), SETUP (Table C.2) involves the appropriate

The package

Hitia
lization and defintion.

MARY L1,

Co
mPUtatIOHS
of

through working numerically 1is, in effect, doing symbolic

Storing each polynomial coefficient as a separate element

an
a
fray, on bracket on these

for instance, it performs a, Possi

p°ly“0mia18

Gy
en a
Symbolic manipulation program such as SMP,

of

by multiplying and adding the appropriate array elements.

one has a broader

Pan
8e
. choices ip representing the maps. For example, a polynomial
an
e
Stored ag ap array by monomial qumber and coefficient the way it
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is
st
ored in MARYLIE
b

(£.1)

[c28, C29, se e ],

Or ag
a
symbolic polynomial,

(G.2)

C28X3 *¥ 629x2Px + a0y

storing the polynomial

e the
in
dex numbers are & particular way of

storage scheme of MARYLIE,

lcien
t
s (the illustration here is the

r Dragt et.

al. [19851). For this

the
Gior
gelli ordering, Appendix Do

for the represeé

ntation and conversion of

reas
On, th
ere
are many routines
ontained in the package POLYS

repre
Sentatj
on of polynomials. These are €

(Table ¢,
which has several

e are tapol’ which

A con
panion to POLYS is CREATE (Table C+4)>

chief among thes

UnCti
onsg fo
r
making polynomials.
1pkind ' which

make
S a
sSymb
olic pOlynomial from a list of indices and
quality suc

ence of the

h as 'pps' foT

Wil
make a
list of indices pased on some

ime—independ
m a list to

' for t
monomials fro

migq
plan
e
Symmetry or 'conserve

n,
Finally, 'pick’ andomly Picks

ot 5
Ty iSPolynomial via 'ranpoly.'
Where thso that relations may be tested of gample small polynomials,

e fully general polynomial nmay be £0° jarge for SMF €O handle.
nd C.6) contain the major

Th
functiozstwo packages PB and LIE (Tables C.h 2
f““ction 'Of ANNALIE. They implement the definitions of Chapter i, The
(1 Pb' computes the poisson pracket axiomatically, py the rules
oceeds by using 1inearity and the

.43
~1.46)
. That is, computatio® pr
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until only fundamental Poisson

deri
vVation
bracket rule to break up a polynomial:
s (thos
eb
etween phase space variables) remain. Once the

fund
amental
Poisso
n brackets have been calculated, the final answer may

be
Constr
ucted.,
ge PB are devoted to the Lie

The f
unct
- ions that remain in the packa
ors
s or th
e adjoint of the Poisson pracket. The function tcolon'

ion lec), 1concat’

tur
ns a
pPolyn
ynomial into a Lie operator (see sect

' and 11ieplus’ allow their

atena
tes
(composes) then, and 'liepo¥

€Xpo
l'len
tliation and addition

g 1is extended by the function

The
usef

ulness of these Lie operator
ction is @ gen

eral purposé routine

1
allOwl
in the pack
age LIE. This fun
a Taylor gerles and alter

that
wil]y
tak
e any mathematical function with
placed by its

rator, it is re

it
S0 th
at
when it is applied to 2 Lie ope
multiplication by

Ta
Ylor
series
with addition replaced with 'lieplus,'
In particular, when applied

e Lie

]
Conegt
"1iepow’ -

’ and
to "Ex exponentiation by
p,'
iation fynction, it forms th
the Taylor S€

g an argument

t
he SMP exponent
ries 18 truncated at

tra
ns
formatiOn (1.5
.54)., In practice
to tallow.'

Some
i)
e point, specified py the user 2
primarily

1uded here,

ALIE not inc
ch of what 1s

with MARYLIE.
In particular,

Ther

e
are other functions of ANN
Mu

to
Mak e
it
compatible on imput and output
in ANNALIE.

th purely numerical aspe

P&rt
of MA
RY
LIE, however, 18 not present
cts of

the
I'ei
S no
thing that is associated wi
of tunese

MARy
LIg
£
» for example, the element

ANNA
LIE
he ma has proved quite gseful as &% aid t
thenm
Stlen dn £his dissertation into MARYLIE . There 18 puch that
but from @ praCCical standpoint

Qoul
d b
€ don
e to extend this usefulness»
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it would be
limited b a
the capacity of most computers th
| y y t SMP runs on
and the b . i
ugs in SMP These considerations have restricted |
cted the

usefulnes
s of ANNALIE
E as it is
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Table C.1 Package GENL
' in these 1istings.)

(Not
ey th
e continuation symbol prints a8

[ k%
%
**********
Utility ****************/

I* g,
Subl [$

/%

b
liitsg extraction */
sSrange] :: Cat[Ar[ $range ,$1ist]]
Subst
i
tute a 1list of values for a list of variables in an

$1[Sex
Svalg or'0le_=onedeep[$vblsl,
— Onedeep [$vals] & P[Len[$vbls]=Len[$VaIS]]] .
1s,$vals]]

o AP[S,Prep[$expr,Ldist[Rep[$Vb
el$f
r un "
estore[siu'i (_ﬁfun[master]:Re1[$fun]; restore [$fun])
S nj oz $fun:Re1[_§fun[master]
*hkgn
*kkkkdk General Purpose Routines *************/

/%

Crea
te
constants based on the number of phase space dimensions

and

8 th

etup [$psde=gaximum order Of polynomialS-
ve“P[$PSd],$polymaxord_;--Natp[$

—

polymaxord]] it

(Lel [%4,%]),%sh];
Map [Set, 'psd,'poT}max
/% "bottom, 'id, 'zma
$psd: Number of phase spac
/% psd:$psd;
$P°1ymaxordT Maximum order retained in poly
Eolymaxord:spolymaxord; -

£ [$psd<=6,%sh:subl[cvD, 1,$psd 15
gaP{Set,Zsh]; canvbl Rel [%shl, —

et [z];canvbl:MaplZ, 1..5psd 115 =
Set property to indiggte canogical variables */_

MaP[_ﬁa[canvbl]:l,canvbl]Z 0
h I‘de */ ] 1]].

ord, 'canvbl, 'EOP» - —
t"J,'sm,'expon P g
e dimensions */

aomtals 2.,

/%

/%
M
inimum, maximum indeces for each © r -
top: e [k [ 1,$polymax°rd ,Comb[$a+$psd,$a e
/%y bottom: Cat [Ar | 1,$p01ymaxord ,Comb[$a+$psd—1,$a— 11 -
seful array & matrices ¥

Zarr: ReP1[0,$psd] s
13?t: Repl[zarr,spsd] ;L
J. Ar[ $psd,$psd 15
tore "memoed” functions x/
r* Crezistore['expon]; restore['mkind]; -
(e, e symbolic monomial £rom exponents
mong' X2y from 2 8 ?mo,o,o Y5 and make 2 tabli of symbolic
’ b b
miali based indexed by the standard z?deces /_
Sm 0]:1- 70- & R- 1[0 ps ;-= .
% j: ex oi[0] ¢ RePLUZE s )
go[Ai,t;plspolyiaxord],%j:next[AJ]; sm[Ai]-symmon[AJ]], &
ull)
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/* T
geHJ[szé§§e_t° generate matrix J */
’ :: P[ceil[$1/2] = Ceil[$j/2]]*Sign[$j + =811

/%
obinfg;egicomputation */
ndex [$1 ] 4 ( Comb [$m+psd-$1,1+psd~51]
:: (Lel [cord,ind,ibl; ind:cord:$j[psd]; &
DO[ib,psd—l,l,—l,Inc[cord,$j[ib]]; %
InC[ind,obin[cord,ib]]]; ind)
psd) in an array of

/* Fing

t

he last non-zero exponent (except
psd,Dec[i],i > 01)

T

- Geijih:: (Lel[i] ; 1 : psd s Loop[$3 1] = 1=
e

neXt?gii on:e:§ (in the index ordering) arrdy of exponents from

:: (Lel [out,i] 5 out : $1 § out[psd] s@3d d 1nzj [$1] 3 If[d

Lad $1[psdl] ;3 Y

> 0,Dec[out[i]]] § Inc[out [1 +

/* Th
e
<XMSet exponents for each index */
€Xpon [
$ind] ::: next [expon [$ind * 11

€Xpo
o n!O] : Repl[0,'psd]
e [ expo.n] ’ PS

/%
Inv
SminV[$;r:ia symplectic matrix */
. | =isdbyd [$m]] :: —J.Trans[$m].J
map (givern as an array of psd functions,
£ each of the variables),

Tra

or ponding to what each of the 10888 ¥

xform[sa matrix., */

xform[$§giY,$map_f0nedeeP[smap]] o Bx[s1 (%072
y,$map_fisdbyd[$mat]] s xform[$PolY,$

canvbl,$map]]
mat.canvbl

nt is 28 product of powers of
*

/*
Defi
nition: monomial basis eleme
lements

t
e Makze variables, &+gs % p¥ PY °°
a matrix for the transformation of

out
of an array of such tr ymations

omial into

monomial basis €

ansfo
a matrix

/%

T

u;n a second-order poly?

Matjf phase space vbls)
~-$p}7[$p°1}’] -

OlY[8]"2*$polyTl3],-$poly[14],'$P01i[}?;i "

Z*$Poly[71,spoly[s],$p°1y[16 épo [lg],$polyllll,$poly[12] =
$poly[10],-$poly [15],77P° .y[l9],‘2*$P°1Y[22]’ -

g _gpoly 2315~ spoly[24] » =

_p°1Y[9],$p01y[14]’z*spoly[ls],$poly[l9],$P°1Y[2O]:$P01Y[21] §
$P01y [12],—$poly[]_7 " $poly[21 ,’$P01)’[24]’ =

s —$poly[26],‘2*$P°1y[27] ¥
polY[ll],$poly[l6],$p01y[20],$P°1Y [25];5?01Y[25]

[ %%
****
*kk
*k%%k% Character Determination

/%

Li
st goes to exactly 2 depth of one

FL AL




onedeep [$1]:: Contp[$1] & P[Len[Dim([$1]]=1]

/* Object is a list of n—-long lists that do not contain any lists */

Lof1[$1,$n]:: (Lel [Zdim]; —
Fullp [$1,2] & P[(%dim:Dim[$1]) [2]=$n] & P[Len[%dim]=2])

'

E Object is a psd by psd matrix, with no lists as elements
Isdbyd [$m] :: Fullp([$m,2] & P[Dim[$m]= psd,psd ]

/* Two terms are in the Giorgelli order, or if the same exponents,

in lexical order */
Sortind [Sexprl = Listp[Sexprl],$expr2 = Listp[$expr2]l:: _
(Lel[Zo];
If[(Zo:Singndex[exps[$expr2]]'ndex[8XPS[seXprljll)zo’ -

. Ord [$exprl,$expr2],%ol)
lssortind[$expr1:$expr2] :: Ceil [Theta[sortind [Sexprl,$expr2]]]
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Table C.2 Package SETUP

AT
k%
% - *kd ke ok % Initial Values #*xkkkkkkkkkkixkk/
Cvp , , of the canonical variables */

X, px, 'y’ lpy, 't, 'pt
nteprztay:6

/%

/*  Number of terms in exponential to take for fZs %/

Cr
I Nasa?e dimension and maximum order for polynomials */
e pottomll]],secup[6, 4]

Nam
mapname:? fo 8ive to maps when they are read in */

mf 'f, 'mg, 'g, 'mh, 'h, 'mk, 'k, 'ml, '1,mj, 4
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Table C.3 Package POLYS
rkRkERkERE [

ynomials

[ k%%
*kkkk
X%
n and Conversion of Pol

Representatio

Symmon [$
31 53 Inner[Pow,canvbl,$j’MUlt]
g of the index and

/* F
or a
the particular momouial, give 8 1ist consistin
O
on .
L Map[Expt[Sa,Smon],canvbl]

C°[$m0n’$EX] &
3 Coef[symmon[$exl,$m°“]
erm in 2 polynomial

/* p,
g:uis an index, coeff for a/each t
" a list OfiSt of terms, or returnd a polynomial from
g"Ldist index,coef pairs.
idegier
°0_= Listp [$mon]]
ndex[pwrs],co[$mon,pwrs] )

ic[spoiicigPWrs]; pwrs:expzwsmon];
_=P[$poly [0]="'Plus]] :: ic[termS[$P01Y]

Ple[$) <
onedeep [$1]] :: $1[2]*sm[$1[1]]

Ple[$1
* B h
épi<TCOntg§l[i1,2]] e poly[Map[pic,$l]]
c[$1] .,
/% ] :: Contiglsepoly [pic[$11]s polymaxord 0]
Fi
t ng:ethe order of a term, or orders {n 1ist of terss or a polynomial
ogsiﬁorderigtal order will be taken if totalorder=l)
St
ordc[spTrT] 2 Ap[Plus,exps[Sterm]] & toca1order*Expt[e,$term]
s ¥ Map[ordi,terms[$p]]
Th
0rdj[$:esrder of any particular phase space variable */
m,$n] :: Expt[canvbl[Sn],$term
rms in 8 polynomial /

/*
A nop-
OTderg .;izepeating 1ist of the orders of the té
‘ r

OrdergT:
[$p] :: UniOﬂ[Ordc[$p]]
Eomog[sp]e.?olynomial homogeneous? */
e P P [Len [orders [$p]]=]
pl :: Last [orders [$p]]
jst of monomials e */

*
Se
per
E:rms :TiZ§ terms of a p01ynomia1, into & 1
rmé‘
If [% Contp [$p]] :: (Lel [%p]5 P
4p [0]="Plus, Ar[Len[Zp],%p ,

EX[SP]; o=
%p ’ %p ])

or

als
ond 1 or list of

/%
Mak.
m S'Eleecétl polynomial out of 2 14st of OMO T omia
onOmials- terms of a certain order from & poly
retUr;
a
polynomial. - can be picked for $sels

Any
particular selection cr
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preceeded by a single quote. E.g., so[l,'Le,3] picks out
all terms less than or equal to third order. */

Le [$n,%m] :: Sm>=$n

Lt [$n,$m] :: $Sm>S$n

poly :Tier

poly[$1 =Contp([$1]] :: Ap[Plus,$1]

poly [$1 = Contp[$1]] :: $1

poly [$p,Sord _= Natp[Sord] | $ord=0] :: poly[$p,Eq,$ord]

<{XMask

poly [$p,$sel =Symbp [$sel],$ords] :: (Lel[Zt]; Zt:terms([$pl; __

poly [Mask [Map [Ssel [ordi [$al,$ords],%t],%t]])

/* Create a list of polynomials by seperating a polynomial or list
of terms according to the value of $qual for each term,
indexed by that value.

Default quality is order. */

sepoly :Ldist

sepoly :Tier

sepoly [$p,S$qual] &

(Lcl[%quals,%t]; 7%t:terms[$pl; Z%quals:Rel [Map [$qual,Zt]];
Ar[ Union[%quals] ,poly[Mask [Map[$a=$b,Z%quals],%t]]])
sepoly[$p] :: sepoly[Sp,'ordi]
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Table C.4 Package CREATE

[*kxkkkkkkkk % Creation of Arrays kkkkkkikkik

/*  nmake symbolic polynomials (arrayed by order)
for an array with indeces given in the list $inds. */

mkP01[$name,$indq_fContp[$inds]]
Spic[Trans [ $inds,Ldist [$name [$inds]] ]]
w)

/* Pick $n elements at random from a list
/*  <XMask %/
Pick[$1ist,%n] :: (Lcl[%len]; Zlen:Len([$1ist]; _

Mask [Map [P [$n/%1len>$a],Ar [%len, Rand[]]],$1ist])

i Make a list of indices satisfy a given property $qual
€.g., mkind['expon[$a,2]=0] yields a 1list of indices for which

the there is no px term */
mkind [$qual] ::: Cat [Ar[ top[polymaxord] ,,Rel[$quall]]
Save ['mkind]
/* Some qualities to act on indices */
mps [$ind] :: Smp [expon [$ind]] [3]=0
conserve [$ind] :: Smp [expon [$ind]] [5]=0
both [$1nd] :: mps [$ind] & conserve[$ind]

fanpoly [$name,$qual,$n] :: mkpol [$name,pick [mkind [$qual],$n]]
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Table C.5 Package PB

/* Expression contains only constants (literal or
declared symbolic) #*/

constp [$expr] :: Ap[And,Map [P [ _S$a[Const]=1],Cont [Sexpr]]]

/* Expression contains only constants or canonical variables */
evalbl [Sexpr] ::

Ap[And,Map[PT;ﬁa[Const]=l|_§a[‘canvbl]=1], Cont [Sexpr]]]

/* Non-null arguments */
nna [$$r] :: P[$Sr=Null]

pb_:Ldist
pb_:Tier

/* Fundamental Poisson Brackets */
Inner [Set [cvnum[$a],$b], canvbl,Ar [ped]]

pb: Tier[Ar[ canvbl , canvbl ,J [evoum [$al,cvnum [($b]]]]
pb[$£,$£]:0

/* Constants */
pb[$$r,$c_=constp[$c],$$u] : O

/* How to interpret quotients */

pb[$$r,8£/9g,$9s] :: Rellpb[$Sr, 'Sg -1 $f,$$s]]

/* Derivation property */
pb[$$r,$£,8g $$t_=nna[$s$t]] ::

pb[$$r,pb[S$£,$t] Sg] + pb[$Sr,pb[$£,%e] $st]
pb[$$r, Sf $$Q_?nna[$$t],$$u_fnna[$$u]] 3

pb[$8r,53t pb[$£,$$ulT + pb[$sr,$f pblsSt,S$Sull
pb[$f $n,8g] :: $n $f ($n-1) pb[$f,sg]

pb[$£f,$g $n] :: $n $g ($n-1) pb[$£,3g]

/* Llinearity */
pb[$$r,$E+85t,88u] :: pb[$Sr,$F,5%u] + pb[$$r,85t,88ul

/* Unflatten pb chain if it's calculable. */
pb[$$r,pb[$£,$8s]] :: pb[$Sr,S$F,$8s]

pb[$$r,$f =evalbl[$f],$g =evalbl [$g]] :: pb [$$r,pb [$£,5g]]
pb[$f =P [ $f [Mgen] =1]] :: Sf

/* Null pb is just argument */
pbl,8f]:: SFf

pb[$Sr,] :: pbIS$Sr]

pb[$f,] :: Sf

/* TIdentity Lie operator #*/
iden[Sobj] :: Sobj

/* Colonize */

_colon [Extr,Mult] :concat
colon[$£,80bj] :: 'pb[$f,Sobj]
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/* 1Is the object a Lie operator? %/
lo[$£f] :: P[Len[$f]=l & Ind [$£,1]=$0bj]

/* Concatenate maps */

concat :Tier
concat [$f =lo[$f],5g =lo[$gl] :: Rel[Ldist [$f [$gl]]
concat[$f:$g,$$r_fnna[$$r]] .. concat [$f,concat [$g,$5r]]

Sxset [*.",concat ,4,2]

/* Raise them to powers */

/* <XMSet */

liepow_;Tier

liepow[$ﬁ_flo[$f],0] : iden

liepow [$f =lo[$f],1] :: $f

liegow[gf_élogsf]:$q_?Natp[$n]& $npl] ::: concat [$f,1iepow [$f,$n-1]]
save['lieSbw]

Sxset [, ",liepow,3,l]

/* Add maps */

lieplus :Tier '

lieplus [$£ =evalbl[$f],$g_flo[$g]] :: Rell[$f %den + Sgl
1ieP1US[$f—;lo[$f],$g_éevalbl[$g]] .: Rel[S8g iden + $f]
lieplus [$f =lo[$£],5g =lo[$gl] :: RellSf + $g]
lieplus[$fj$g,$$r_fnna[$$r]] 3 4 lieplus[$f,lieplus[$g,$$r]]
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Table C.6 Package LIE

/* Allow or disallow use of a function on a Lie operator */
/* SMP bug: don't 'disallow' or look at propertles of a system function
once 1t's been used with a Lie operator (causes crash). */
allow[$fun,$nterms] :: (Lcl[%dum,%liex]; _
%liex:S[As [S[Dis [Ax [Ps [$fun [%dum],%dum,0,$nterms]],Inf], _
'"Pow—>"'liepow, '"Mult~>'concat, 'Plus->"lieplus],Inf],Zdum->S$c];
Ap [Setd, '$fun[$c_=lo[Sc]],%liex ]; $fun:Rel[Rel[$fun]]; _
If [Valp[ $fun], $funlhold]: $fun; _S$fun[Ldist]:] )
disallow([$fun] :: (If[Valpl;ﬁfun],_§fun:ﬁ§fun[hold]]; _
$fun{$c_=lo[Scl]: )
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Index Numbers for Monomial Coefficients Used by Marylie

Appendix D.

Variables

Exponents of

Index

pt

pxy py t

X

(=R Rl =

Q00 O™

SO ~Q

OO =00
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= O Q00

— NN

— OO0 0
OO Qo
OO O~
(=R ool o =)
OO —~H0OC

O N — o

e~ OO
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PX Py
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O~ 0O0Q
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O OO e
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=0 00

= OO O v

00 o0
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